Objective. There is evidence linking the built environment (BE) with physical activity (PA), but few studies have been conducted in Latin America (LA). State-of-the-art methods and protocols have been designed in and applied in high-income countries (HIC). In this paper, we identify key challenges and potential solutions to conducting high-quality PA and BE research in LA.
Introduction
Latin America (LA) has fascinated and intrigued people since the first European conquerors arrived in the late 1400s (Bakewell, 2004) . Its combination of complex indigenous societies and abundant natural resources attracted several waves of immigration from Europe (Bakewell, 2004; Lockhart, 1983) . The term "Latin America" expresses the strong influences from Spanish, Portuguese, Italian and French cultures (Bakewell, 2004; Lockhart, 1983) . However, this idyllic vision of the past contrasts with LA's current health, social and economic reality (Furtado, 1976) .
Demographic and epidemiologic transition in LA
Over the past decades, LA has experienced accelerated demographic and epidemiological transitions, and many countries are facing a double burden of disease, characterized by the coexistence of communicable and non-communicable diseases (NCDs) among the population (Barreto et al., 2012 ). LA's aging population has grown, pushing up rates of NCDs risk factors and the prevalence of NCDs in the region. Obesity and physical inactivity are now especially important public health challenges (Barreto et al., 2012; Frenk et al., 1991; Kain et al., 2014; Rivera et al., 2002) .
Urbanization, economic and social inequalities in LA
LA is the most urbanized region in the world, with nearly eight out of ten people living in cities (United Nations, 2012) . LA cities tend to have high population density patterns (Knox and McCarthy, 2011) , and the transition from traditional public transportation systems to private cars and motorcycles has resulted in increased traffic congestion, air pollution and traffic accidents (Becerra et al., 2013) . LA has also become a region of pronounced inequalities, having the largest proportion of population in the world living in slums (United Nations, 2012) , and 224 million people living in poverty (Barreto et al., 2012) , as well as increasingly high crime rates (Ayres, 1998; Soares and Naritomi, 2010) .
PA and the built environment (BE)
While there is substantial evidence linking the BE with PA from high-income countries (HIC) (Bauman et al., 2012; Sallis et al., 2012; Saelens and Handy, 2008; Saelens et al., 2012) , few reports come from LA or other LMIC (Bauman et al., 2012; Reis et al., 2013; Parra et al., 2011; Hino et al., 2013; Salvo et al., 2014a) . Some studies suggest that the relationship between the BE and PA may be context specific, making this gap in the literature especially important Hino et al., 2011; Salvo et al., 2014a; Ebrahim et al., 2013) . In HIC, the walkability index, a construct incorporating residential density, street connectivity and land-use mix, has been positively associated with PA for leisure and transport (Cerin et al., 2007; Frank et al., 2010; Van Dyck et al., 2010) . While findings from Brazil are consistent with those from HIC , in Mexico and other LMIC, the walkability index, as defined for HIC, is inversely related to PA (Islam, 2009; Salvo et al., 2014a) .
High-quality studies on the BE and PA, allowing for the identification of context-specific relationships, are important for both research and policy but are not easy to carry out. Most assessment methods and data collection protocols have been designed and tested in HIC and often do not adapt well to LA urban environments and populations (Ebrahim et al., 2013; Brownson et al., 2009; Hallal et al., 2010) . In 2009, we conducted a literature review to identify available tools to measure the BE as it relates to PA. Out of the ninety identified assessment tools, only six were in Spanish (the predominant language in Latin America), and they were all translations of tools designed to assess U.S. The IPEN study IPEN is a 12-country study (Australia, Belgium, Brazil, Colombia, Czech Republic, Denmark, Hong Kong, Mexico, New Zealand, Spain, United Kingdom and United States), designed to measure the associations between PA and BE features, by conducting a pooled analysis. IPEN is the first large-scale international study employing state-ofthe-art, standardized protocols and instruments for sampling, data collection and analysis, thus ensuring comparability across the 12 participating countries . Furthermore, IPEN is the first study in Latin America (Brazil, Colombia and Mexico) to use objective measures for both PA and the BE (accelerometry and Geographic Information Systems) in large representative samples. More information on the IPEN data collection protocol is available elsewhere .
Study aim and approach
The aim is to document the process of adapting state-of-the-art research methods in order to conduct research in LA of the quality required for publication in first order international scientific journals. The urban environment, culture and academic environment in LA differ substantially from those in the U.S., where IPEN was designed, funded and piloted. Thus, the investigators in Curitiba, Brazil; Bogotá, Colombia; and Cuernavaca, Mexico had to systematically assess which components of the study protocol required changes in order to be relevant for the study populations and feasible to implement. The research teams from the three IPEN-LA sites worked closely together during this process, sharing experiences, translating and adapting instruments, and in some cases jointly developing new data collection instruments and protocols. In this paper, we describe the key challenges encountered by the study teams and the solutions that were developed. It is likely that other investigators in LA and in LMIC will face similar challenges and may benefit from the summary of challenges and solutions that follows.
Results
The IPEN study was successfully conducted in Brazil, Colombia and Mexico in 2010-2011 (Table 1) . Five main challenges were identified by IPEN-LA investigators for conducting PA and BE research in LA. In this section, we describe each challenge, followed by the solutions implemented by IPEN-LA investigators. Additionally, some advantages of conducting this type of research in LA in comparison to HIC are described. An itemized summary of recommendations based on our findings is found in Appendix A.
Challenge 1: lack of academic capacity
The extensive evidence base on the health effects of physical inactivity and the BE correlates of PA comes almost entirely from HIC (Lee et al., 2012; Pratt et al., 2012; Bauman et al., 2012) . PA and public health research remains a nascent field in LA and LMIC. This is demonstrated by the substantially fewer publications from LMIC for PA interventions and correlate studies (Bauman et al., 2012; Pratt et al., 2012) . There is a lack of recognition of PA as a public health priority at the policy level worldwide (Bull and Bauman, 2011 ). Yet in most LMIC, the lack of recognition of the importance of PA extends beyond the policy level, to academia and research. Few graduate level training programs exist in LA for PA epidemiology, behavioral science related to PA, or PA and public health (Barboza et al., 2013) . As a result, there are limited numbers of researchers in LA specifically trained to address PA as a public health issue. Most researchers who do focus in this area are graduates of top academic institutions in HIC.
IPEN-LA solution Building a strong international collaborative network
Collaborations are known to be important for advancing knowledge in any setting or field (Keusch, 2010) . For IPEN-LA, building a wellconnected, international collaborative network was essential. The extensive sharing of resources (intellectual and physical) was identified as a key element for building and strengthening the IPEN-LA network, leading in turn to successful implementation of the IPEN protocol in LA.
Sharing of intellectual resources included (a) experience-based
knowledge (e.g., Colombia and Brazil began data collection prior to Mexico, and shared firsthand fieldwork logistics experience, challenges and pitfalls with IPEN-Mexico researchers), (b) skill-based knowledge (e.g., informal geographic information system (GIS) training through student exchanges across the network) and (c) human resources (e.g., an IPEN-Colombia researcher spent one month in Mexico coordinating data collection start-up for IPENMexico). 2. Sharing of physical and electronic resources included (a) accelerometers, and (b) electronic resources such as code for data analysis on open source software, templates for database management and for individualized participant reports.
A key aspect that strengthened the collaboration was having substantial in-person time investment. This was achieved through several short visits to other IPEN-LA countries for research meetings (mainly senior investigators), and longer-term exchanges (mainly graduate students). The in-person time investment served as both a means and an end. On the one hand, it helped to strengthen the IPEN-LA network, facilitating the sharing of knowledge and resources. On the other hand, the exchanges provided informal training opportunities for junior researchers, helping to compensate for the lack of formal training opportunities for PA and BE research in LA. Consequently, junior researchers were an essential component of the research teams. Their roles included data collection, fieldwork coordination, statistical analysis, GIS, accelerometer-data analysis and training, to serving as primary investigators.
Challenge 2: data availability, access and quality Study protocols developed in HIC to assess PA and the BE often assume that country, city or neighborhood-level data will be available, easily accessible (i.e., public access), and of acceptable quality. This is not always the case in LMIC (Sitthi-Amorn, 2002) . Often, the data required by protocol do not exist in the study setting (e.g., GIS data files for pedestrian-enhanced street networks, or retail-to-floor land use data). Other times, the data are available but not accessible due to country-specific regulations for data access, or lack of transparency and enforcement of public access policies (e.g., crime data from official sources were not provided for Cuernavaca, Mexico, since it was considered sensitive information). In addition, even when data is available, the informality of many businesses makes variables like official land-use mix inaccurate. Finally, the format, detail or quality of the data is not always comparable to that of HIC (e.g., parcel-level data vs. land-cover data for land use).
IPEN-LA solutions Partnering with well-respected, influential institutions
Partnering with influential and well-respected local institutions was essential for overcoming data accessibility issues for IPEN-LA. The institutional partners had enough visibility and recognition, in the realms of both government and academia, to facilitate access to data, and were willing to provide institutional endorsement for the projects. These partnerships have also facilitated the dissemination of results to policy makers.
Crafting creative solutions to use the best-available data
Before discarding data because the format did not exactly match that outlined in the study protocol, creative solutions were explored. A balance between flexibility and methodological rigor was sought. Ultimately, it was determined not to sacrifice methodological rigor to the point that the data was no longer comparable to that of other countries. For IPEN-LA, working closely with the IPEN coordinating center at the University of California, San Diego, was crucial. This process led to joint solutions, which at times involved modifying the definition of variables for the IPEN study at large (e.g., using proportion of land allocated to a given land-use to determine land-use mix, rather than parcel count per land-use), to achieve maximum comparability across countries. In other situations, it involved creating indices or other estimators to make the data more similar in format to that of other IPEN countries.
Challenge 3: socio-political, socio-cultural and socio-economic context There are certain factors inherent to conducting research of any kind in LMIC (Prayura et al., 2002) . For the most part, state-of-the-art study designs and data collection protocols are developed in HIC (Brownson et al., 2009 ) and do not take these factors into consideration. Some of the issues identified were as follows: (a) unreliable postal services (most protocols require mailing surveys and accelerometers); (b) low literacy levels (self-report tools are designed to be filled in by the participant, which is not feasible in countries with low literacy); (c) strict regulations regarding the use of incentives for research (poverty levels are much higher than those of HIC and cash-incentives-even if very smallare considered coercive and are usually not allowed by local Institutional Review Boards); and (d) lack of participant trust (people in LMIC, especially those residing in high income areas, are much less responsive to participating in research studies than in HIC).
IPEN-LA solutions
In-person recruitment and data collection
In-person recruitment and data collection (accelerometer delivery and recovery, and face-to-face survey administration) was necessary for IPEN-LA. Data collectors always wore proper identification (official badges) and uniform (e.g., caps or T-shirts with institutional logo) from a well-respected local academic institution, which was essential a GINI coefficient: "Reflects the extent to which the distribution of income or consumption expenditure among individuals or households within an economy deviates from a perfectly equal distribution. A Gini index of 0 represents perfect equality; whereas an index of 100 represents perfect inequality" (World Bank Group, 2012). b The IPEN study protocol requires countries to have a final sample of at least 500 participants (at least 500 with survey data, and at least 250 with accelerometer data) . c One student is currently completing the PhD program/thesis.
to overcome mistrust among populations not used to participating in research studies. In-person recruitment and data collection required more complex logistics and coordination than phone-or mail-based recruitment/data collection. Budgeting to cover the salary of field workers was planned before starting the study. It was important to carefully consider the number of field workers required, given the limited resources available (accelerometers, software licenses, laptops, space, etc.), the desired sample size, and the study timeline.
Alternative incentives
Alternative incentives to cash were used, including gift cards, small items (e.g., caps, umbrellas, etc.) and individualized participant reports with graphs, diagnosis of PA level and general recommendations.
Challenge 4: appropriateness of instruments and measures
Due to language, cultural and contextual differences, self-report measurement tools developed in HIC to assess PA and the BE are not always appropriate for LA settings (Hallal et al., 2010) . For instance, only the leisure and transport PA domains of the long version of the International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003) are recommended for use in LA (Hallal et al., 2010) . The occupational and home-based PA domains substantially overestimate levels of activity in LA (Hallal et al., 2010) . Other instruments used in the IPEN study, such as the Neighborhood Environment Walkability Scale-Abbreviated Version (NEWS-A) (Cerin et al., 2013) , include some items that are not applicable to LA cities, while excluding the assessment of important features of LA environments (e.g., soccer fields, public plazas, multiple modes of transportation). Moreover, these instruments are not designed for in-person, interviewer-based administration.
IPEN-LA solutions

Survey adaptation
The study surveys (IPAQ, NEWS-A, etc.) were translated into Spanish (official language of Mexico, Colombia and most of LA) and Portuguese (official language of Brazil). The Mexican and Colombian versions are different since the survey was also adapted for cultural appropriateness per country. Another adaptation was to make the survey suitable for in-person, interviewer-based administration (i.e., providing scripts and visual aids for Likert scales). Prior to data collection, the survey was pilot tested in each country (see Appendix B for surveys and Appendix A for further details on pilot testing).
Standardized additional survey components
The research teams from the three IPEN-LA countries worked together to develop additional sections for the survey, addressing specific features of LA environments that were not captured by the original surveys. Items were included to assess transport practices (e.g., multimodal transport) and the use of certain places for PA (plazas, malls, soccer courts, etc.). The wording structure, answer options and order of each additional item were standardized for all IPEN-LA countries.
Challenge 5: safety
Safety from crime is an important issue that requires careful consideration when adapting data collection protocols for LA. Using students for data collection is not always feasible since some institutions do not allow it, or strongly recommend against it, to protect their students from high-risk situations. Likewise, many neighborhoods are not accessible to data collectors, either because they are deemed to be too dangerous or, on the contrary, they are gated, guarded, limited access high-income residential communities. Moreover, during recruitment, mistrust from participants is common, also due to safety concerns (i.e., disclosure of personal information is problematic, as well as wearing accelerometers which some participants believe may be GPS enabled tracking devices).
IPEN-LA solutions Strict rules for data collection procedures
We implemented strict measures to minimize the risk of crime for data collectors, including (a) working in pairs; (b) always carrying a cellular phone (providing monthly recharges of air time); (c) notifying local authorities of the areas of the city where the research team would be working; (d) only working during sunlight hours; and (e) in Cuernavaca and Bogota, students were not used as data collectors, both due to safety considerations and conflicting schedules with their school hours (effective recruitment requires data collectors to work early in the mornings, after working hours and during weekends).
Measures to increase participant trust
Given the high-crime situation (DANE, 2012; INEGI, 2013; Datafohla-CRISP, 2013) , participants were often skeptical about the veracity of the study. In addition to always wearing a badge and uniform, field workers provided participants with the telephone number of the IPEN-LA coordinating offices (Pontificia Universidade Catolica do Parana in Curitiba, Universidad de los Andes in Bogotá, and the National Institute of Public Health in Mexico). It was common for participants to call to verify that they were in fact being recruited for a real research study and that it was safe to share their information with field workers. Therefore, having an official, verifiable phone number for the study, which was always answered by a live person, was important for maximizing response rates and participant trust.
Advantages of conducting PA and BE research in LA
There are some advantages of conducting PA and BE studies in LA. Although more time and effort is necessary to build a network and to train personnel, the cost of collecting data (for comparable sample sizes and time-frames) is lower than in HIC given lower wages (Costello and Zumla, 2000) . Additionally, despite the logistic challenges posed by in-person recruitment and data collection, these practices result in greater certainty that participants understand the survey questions. In-person data collection also provides more monitoring opportunities to verify protocol compliance for accelerometer use and serves as a platform to conduct objective assessments (e.g., weight and height) instead of relying on self-report.
Discussion
The IPEN-LA study demonstrates that context matters when studying the relationship between PA and the BE. In fact, it plays a central role for collecting reliable and comparable data. The experiences from Brazil, Colombia and Mexico also demonstrate that despite significant challenges, if thoughtful solutions are implemented, high-quality PA and BE research is feasible in LA.
As the field of PA and public health continues to grow in LA and LMIC, the importance of using an integral context-based approach to research becomes increasingly apparent (Prayura et al., 2002; McQueen, 2013) . The IPEN-LA experience provided valuable information supporting the use of a context-based approach not only during data collection, but also for defining basic research constructs and questions. For instance, IPEN-LA researchers hypothesized a priori that certain established constructs from HIC (e.g., the U.S.-based walkability index) were not applicable to LA cities. Initial findings from IPEN-LA show that in Mexico and Colombia the relationship between PA and the walkability index is not consistent with what has been reported for HIC (Fig. 1) (Salvo et al., 2014b) . Answering the important question "What does a walkable neighborhood look like in a LA city?" cannot be done by simply applying the metrics that work well in HIC. Likewise, context should be taken into consideration when interpreting results from different cities, countries and regions. Understanding implications based on the stage of economic development of a country is key. In most LA cities, such as Bogota and Cuernavaca, car ownership remains relatively low in comparison with U.S. cities (World Bank Group, 2012) . In these cases, PA may be more reflective of need rather than choice since a significant proportion of the population walks and uses public transit because they have no other option for transportation (need-based PA framework). Fig. 2 shows that Bogota and Cuernavaca are among the IPEN cities with the highest prevalences of walking for transportation. On the other hand, Curitiba is among the cities in Brazil with highest car ownership ). Yet among all participating IPEN countries, the three LA sites have the lowest levels of PA for leisure (Fig. 2) . Thus, while PA in HIC may be understood within a "choice-based framework", in LMIC, a "need-based framework" may be more appropriate. Adequate contextual frameworks to conduct research, and understand the implications of findings, are essential to advance our understanding of the relationship between PA and the BE and eventually for formulating interventions relevant to LMIC.
An inherent limitation to the results reported here is that they represent actual field experiences rather than the formulation of specific research questions related to the challenge of conducting PA and BE studies in LMIC. Our findings are based on the experiences of research teams from three cities in three LA countries. Therefore, the results should not be considered an exhaustive list of challenges to be encountered when conducting research in other LA countries, or even in other cities within the same countries. Nonetheless, given the lack of previous large-scale, published studies in this field from LA, our findings provide the best available evidence for overcoming the challenges of conducting PA and BE research in LA. In fact, researchers from the three IPEN-LA countries have trained other LA research groups in cities where similar studies are being planned (Montevideo, Uruguay; Santiago de Chile, Chile; and Bucaramanga, Colombia, Buenos Aires, Argentina, São Paulo, Brazil). The training material included IPEN-LA protocols. More regional PA epidemiology and public health academic programs in LA institutions are needed for research capacity in this field to grow in the region.
For IPEN-LA, an important contributor to success was having the support of an influential academically oriented local institution. Access to data, students, field workers and local government are critical to community research and depended on facilitation by the local academic partner. Research networks are clearly an important part of the process of conducting and publishing high-quality research in LMIC (Pratt et al., 2010; Keusch, 2010; Mulvihill and Debas, 2010) . While institutions from HIC play a key role in facilitating research in LMIC by providing financial and human resources, stability, specific technical training and opportunities for academic exchanges, IPEN-LA demonstrated that these functions can be successfully shared across research groups in LA as well. Innovation in data collection, analysis and interpretation of findings can emanate from LMIC institutions and investigators and be shared with colleagues in HIC. The IPEN-LA experience may be a valuable model applicable to studies being conducted in other cities in LA and in LMIC around the world.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.ypmed.2014.10.014.
